The white peach scale, Pseudaulacaspis pentagona Targioni-Tozzetti (Hemiptera: Diaspididae), is one of the most important and destructive polyphagous pests of the Rosaceae family trees. Population fl uctuations and biodiversity of the hymenopteran parasitoid species associated with the pest were studied in six kiwi orchards in Iran, during one-year period. Parasitoid species abundance, species diversity indices and evenness indices were calculated. Most of the parasitoid species were dominant or eudominant. Based on the alpha diversity indices, the Najarkola region had high diversity and the Kharatkola region had low diversity. The Paeendasteh region (based on Simpson's Diversity on Camargo evenness indices) and the Samnakola region (based on the modifi ed Nee, and on Smith and Wilson evenness indices) were less uniform. Among the recorded parasitoids, Encarsia berlesei Howard (Hymenoptera: Aphelinidae), followed by Aphytis proclia Walker (Hymenoptera: Aphelinidae), had the highest population in all orchards.
Introduction
The white peach scale, Pseudaulacaspis pentagona (Targioni-Tozzetti) (Hemiptera: Diaspididae), is the most important pest of kiwi fruit trees in Iran and other countries (Miller and Davidson, 2005; Toorani, 2017) , attacking branches and twigs. The scale is most often seen in large numbers on the bottom of stems. The scale feeds on plant sap, and infestation causes leaves to yellow or defoliation and branches to dry. Fruit size may be reduced and premature drop is likely. Heavy infestations can result in stunting and the death of branches and dieback (Ezzat and Nada, 1986) .
The families Aphelinidae and Encyrtidae are the most successful groups of Chalcidoidea, Hymenoptera used in the biolog-of alpha diversity in the sense of the number of existing species and their abundance (evenness) in a geographical region, which increases with increasing number of existing species.
The present study was carried out to provide information on the species composition, diversity, evenness and population fl uctuations of the hymenopterous parasitoids associated with the white peach scale, P. pentagona, in kiwi orchards in Iran.
Materials and methods

Experimental set up and data collection
This study was carried out in the kiwi orchards of Qaemshahr city, Mazandaran province of Iran. The laboratory experiments were carried out in the laboratory of Entomology and Insectarium of the Faculty of Agriculture Sciences of Shahed University of Tehran. In order to study the population fl uctuations of parasitoid species associated with the pest under natural conditions on kiwi trees, six orchards, which had a history of pest infestation in previous years and had not received pesticides, at Qaemshahr and Mollakola areas (36° 35' 44.20'' N, 52° 46' 35.09'' E and -10 .23 m a.s.l); Borjekheyl (36° 36' 3.43 N, .28 m a.s.l); Kharatkola (36° 33' 1.07'' N, .23 m a.s.l); Paeendasteh (36° 36' 39.59'' N, .63 m a.s.l); Samnakola (36° 32' 51.40'' N, .99 m a.s.l) were selected for sampling.
Sampling started on April 30, 2015, and ended on April 29, 2016. The samples were collected biweekly until January 22, 2016, and then monthly. Ten trees were randomly selected and marked on each date. Four infested branches were cut to a length of 10 cm each and placed in plastic glasses (5 cm diameter and 10 cm height), closed with a net cloth. Emerged parasitoids were collected and stored in 75% ethanol. In addition, on some sampling dates, a large number of infested branches of kiwi trees, were placed in cardboard boxes (50×20×45 cm) bearing six test tubes on each side of the box. The boxes were kept under natural conditions and emerging parasitoids were collected in the test tubes at 10-day intervals and stored in alcohol. The collected specimens were primarily identifi ed and then, were sent for confi rmation of identifi cation, to Dr Andrew Polaszek, Department of Life Sciences, Natural History Museum.
Estimation of parasitoid species composition, abundance, diversity, evenness and population fl uctuations
The data from the aforementioned six areas were used to calculate species diversity during 2015-2016. After identifying and counting the captured specimens, the dominant structure of species composition was evaluated using the method of Headman (Weigmann, 1973) . In this method, the species, which their abundances are more than 30% of the society are identifi ed as eudominant species, 10-30% as dominant, 5-10% as subdominant, 1-5% as rare, and less than 1% as sub-rare species.
Species diversity and relative abundance of the parasitoid species of P. pentagona were calculated in the diff erent ecosystems of the Mazandaran province, using the Ecological Methodology software version 7.2. Based on the number of individuals per parasitoid species in each region, indicators of species diversity (number of species in a community, diversity in a region) and species evenness (number of individuals for each species, abundance and proportion of individuals of each species) were calculated.
Alpha species diversity was estimated using the Indices Shannon-Wiener (Shannon and Weaver, 1949) as the most common indicator to measure biodiversity and sensitive to the abundance of rare species in the community, Simpson's (Simpson, 1949) as a sensitive index to changes in more abundant species, and Brillouin (Pielou, 1969) as most appropriate for cases in which data are related to limited collections.
To estimate species equitability or even- Toorani et al. 14 ness, the Smith and Wilson (Smith and Wilson 1996) , modifi ed Nee (Nee et al. 1992 ), Simpson (Simpson 1949 ) and Camargo (Camargo 1992) indices were used.
Results
Parasitoid species composition
In total, six parasitoid species were recorded in the study areas i.e. Encarsia perniciosi Tower (Hymenoptera: Aphelinidae), A. chrysomphali, E. berlesei, A. perspeciosus, A. proclia, T. perversus . Results for the species composition in each region are shown in Table 1 .
Parasitoid species abundance
Encarcia perniciosi and A. chrysomphali had the highest abundance percent at Samnakola and Najarkola orchards, while E. berlesei and A. proclia had the highest abundance percent at Mollakola orchard. The abundance of E. berlesei species at Kharatkola orchard was (83.66%). The abundance of A. perspeciosus was zero at Mollakola, Borjekheyl and Kharatkola orchards (Table 1) . According to Headman's categorization on species dominance proportion in the society (Weigmann, 1973) , most of the six collected were eudominant or dominant (Table 1) .
Alpha diversity
According to all indices, the parasitoid species diversity was higher in all regions compared to the Kharatkola region (Figure 1 ).
Species evenness
Based on the results obtained from the Camargo and Simpson eveness indices (Figure 2) , the Paeendasteh region was the least uniform whereas according to the modifi ed Nee index and the Smith and Wilson index, the Samnakola region were the least uniform ( Figure 2 ). Based on diversity studies, the more uniform the species diversity is, the more diversity exists in the environment. Figure 3 shows that the population of the parasitoids of the white peach scale dif- 
Population fl uctuation of parasitoids
Parasitoid species categorization by Headman (Weigmann, 1973) according to their dominance proportion in the society: eudominant (>30%), dominant (10-30%), subdominant (5-10%), rare (1-5%), sub-rare (< 1%). Number in parentheses indicate the sample size.
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Parasitoid species diversity of white peach scale in Iran 15 Toorani et al. 18 fers among the studied orchards as well as on diff erent sampling dates, reaching the lowest (zero) at the end of December -beginning of January in all orchards due to coincidence with the winter colds and overwintering of these parasitoids.
In all orchards, E. berlesei (n= 1209) had the highest numbers followed by A. proclia (n= 782). These two species had significant ups and downs during sampling. Ablerus perspeciosus was observed in three orchards in the areas of Samankola, Najarkola and Paeendasteh, showing 1-2 peaks from August to October. Encarsia perniciosi and A. chrysomphali were collected from all the studied orchards, except for the one in Kharatkola, and were present from spring to autumn with their population reducing until reaching zero in the winter. Teleterebratus perversus was recorded in small numbers from spring to autumn at the orchards of the areas Najarkola, Kharatkola and Paeendasteh.
Discussion
To our knowledge this is the fi rst record on the biodiversity and population fl uctuation of the parasitoid species of the white peach scale in kiwi orchards in Iran. Five out of the total six species recorded in the samples are known to parasitize P. pentagona in Iran, i.e. Encarsia berlesei Howard (Hymenoptera: Aphelinidae) (the most eff ective), Aphytis chrysomphali (Hymenoptera: Aphelinidae) (Invasive Species Compendium, 2016) Aphytis proclia Walker (Hymenoptera: Aphelinidae) (Modarres Awal, 1997), Ablerus perspeciosus (Jamalomidi et al., 2012) and Teleterebratus perversus (Toorani, 2017) . Encarsia perniciosi has not been reported on the white peach scale in Iran.
Encarsia berlesei was the most abundant of all parasitoid species in all regions of the study. Except of the wheat peach scale, it parasitizes another 10 species of the Diaspididae family, Aghadokht et al., 2010) and Aleurolobus barodensis Maskell (Hemiptera: Aleyrodidae) (Jamalomidi et al., 2012) .
Diff erences in the parasitoid species composition, richness and abundance among the studied areas could be attributed to several factors that can aff ect the presence of a parasitoid in the orchard, such as the type of vegetation around the orchard, the history of chemical applications in the orchard, the area and age of the trees, the population of the host pest, as well as environmental parameters (temperature, humidity, latitude and longitude, sea level altitude) (Lotfalizadeh et al., 2014; Habibi Badrabadi et al., 2017 and Iranmanesh et al., 2017) . The richer species composition and abundance of parasitoid species of the white peach scale in Samnakola, compared to the other areas, could be related to the fact that the majority of orchards in this area are kiwi trees, dating for several years. The poorer species variety and number of parasitoids in Kharatkola could be associated to the presence of only one kiwi orchard and the young age of the trees, whereas rice is the dominant cultiva-tion in the region.
Lower richness in the Kharatkola, Borjekheyl and Paeendasteh regions can be associated with the application of organophosphorus pesticides (such as chlorpyrifos and diazinon), whereas applications with mineral oil and botanical pesticides are related to higher richness in Samnakola, Najarkola and Mollakola (unpublished data). Nevertheless, Kyparissoudas (1987) showed that in orchards where chemical pesticides were applied, E. perniciosi wasps were not captured in pheromone traps of its host Q. perniciosus.
The population of parasitoid species of P. pentagona varied in the sampling regions. Encarsia berlesei had 4-6 population peaks on white peach scale in kiwi orchards in the present study. Bazrafshan et al. (2010) observed two peaks of the parasitism rate for the parasitoid on peach trees. Moreover, they showed that plant species has an effect on the rate of parasitism and the associated number of peaks. In our case, it is possible that the activity of parasitoids is favored by the micro-climate conditions in kiwifruit orchards (in comparison to peach orchards), where the pest is located on shoots in the shade.
According to Pedata et al. (1995) , the population of A. proclia on white peach scale in a mulberry orchard in Campania, Italy, reached a peak in April, which is similar to the results of the present study. Seasonal abundance of Aphytis sp. had three larval and pupal peaks on white peach scale in peach trees in Dakahlia governorate, Egypt, in two successive seasons (2013-2014 and 2014-2015) (Halawa et al., 2015) .
In the Hafez (1988) study, A. chrysomphali was found to be fairly abundant on A. aurantii in Citrus sinensis orchards in Alexandria, Egypt, with three peaks of activity in June, October and November.
Conclusions
In conclusion, results of the present study corroborate the existence of several hymenopterous parasitoid species of P. pentagona in kiwi fruit orchards in Iran. In general, E. berlesei, A. chrysomphali and A. proclia were abundant in most of the study regions. In view of the high prevalence of these species at the peak population dates, these results, together with the data on the parasitoid population changes over the crop season, can facilitate the designing of biological control programs against the white peach scale.
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